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(57) Abstract 

A system and method for assaying presence and optionally concentration of ceDs in a Uqiiid mediunu as ^Z^^.^'^^. 
for use in the system or method, aie provided. Tte sensing member comprises a piezoelectric aystal providrf on its smfiice a 
7^^n which tfT^aie immobilized^ binding entities which spedflcally bmd to <^^^ 

release of the cells from the specific binding entities causes a change m mass and hence a change m ''''''T^f^^^^J^ KSS^ 
aystal. Measimng the change in die resonance frequency provides an indication of presence of Ite a^yed celU m J'^f™^ 
offte extent of dwnge in Resonance frequency may be used to dettmiine the concentratKHi of the cdls m the medium. By a specific 
embodiment the assajwd cells are dilamydia and the liquid medium is urine. 
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BIOSENSOR FOR CELLS 



FIELD OF THE D^NTION 

The invention is graerally in the field of biosensors, and 
CQncems a sensor usefiil for tiie detennination of the presence, and optionally 
conccaitration, of cells in medium, e.g. in urine, blood or mucous. The present 
5 invention relates to such sensors, as well as to their use and systrais 
comprising them. 

BACKGROUND OF THE INVENTION AND PRIOR ART 

In the following description, reference will be made to several 
10 prior art documents shown in the list of references below. The refermce will 

be made by indicating their number fiom this list 

Chlamydia trachomatis has been acknowledge as a 

widespread sexually transmitted microorganism (1). In women, C. 

trachomatis infections can lead to iafertility, ectopic pregnancy, and chronic 
15 pelvic pain. In mai, C trachomatis can cause urethritis and epididymitis. 

Newborns to C trachomatis infected mothers are in risk of chlamydial 

conjunctival and pulmonary disease. 
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Cell culture off^ a graeral means for the isolation and 
identification of C trachomatis. Various immunoassays for Ctrachomatis 
were also developed, which include enzyme-linked immunosorfoant assays 
(ELISA) and fluorescence labeled antibody assay. The available assays are 
5 eithCT limited in tiieir sensitivity, are time consuming and requu-e skilled 
personnel or are subjective. Polymerase chain reaction (PGR) was found to 
be sensitive and specific in testing specim^ from men witii non-gonococcal 
urethritis. This method is, howeva:, time-consuming (requires about 12-24 
hours). Detection of m^-Ctrachomatis antibodies is problematic in that 
10 antibodies formation lags behind the progress of flie infectious state, in that 
the antibodies may exist in the serum several years after inflection, and in that 
the m^'Chlamydia pneumoniae or mti-Chlamydia psittaci antibodies may 
exist in the sorum which obscure the results. Such procedures are also 
e?q>ensive and require highly skilled personnel. Thus, the developmoit of a 
15 highly-sensitive detection means for C trachomatis in urine specimoos or 
urethral swabs containing urethral mucous, could provide an important 
diagnostic method for this infection. 

The specificity of antigen-antibody binding interactions and the 
technological progress in the preparation of monoclonal antibodies provide 
20 grounds for the design of srasitive immunosensor devices for clinical 
diagnostics, food control or monitoring of environmental pollutants. The 
linear relationship betwera the change in the oscillating fi'equency of a pirao- 
electric crystal and the mass variation on the aystal as a result of binding or 
adsorption aiables the efiBcioit monitcning of antigen-antibody binding. The 
25 mathematical relation between the change in resonance fi^uency of a 
piezoelectric crystal. At and mass changes, 
following Sauobr^ equation (1): 



Af=-23xl0VAm/A 



(1) 
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where is the resonance frequency of the crystal prior to tiie mass variation 
and A is the surfece area of deposited mass. For example, for a crystal 
exhibiting a fundamental resonance frequency of 9 MHz and sur&ce area of 1 

5 cm^ a mass-change on the crystal that corresponds to 1x10'^ g will give rise to 
a resonance fiequmcy change, Af, of 6 Hz. 

The use of quartz piezoelectric arystals or the so called "quartz 
crystal microbalance" (QCM) has bem adopted for the detection of antigras 
or antibodies (Ab) in a series of analytical studies. (See review by Suleunan et 

10 fl/.,1994(2)). 

Physical adsorption of antigens to a crystal was applied for the 
detection of antigens by intoacting the crystal with a mixture of the analyte 
antigen and a predetamined amount of Ab (3). The decrease in the antigen 
conc^tration was inversely related to the antigen concentration in the sample. 

1 5 Two patents by Rice (4 and 5), descaibe methods for the detennination of Abs 
by QCM. The antigen was immobilized on a polymer pre-coated oystal and 
the frequency changes as a result of Ab association related to the analyte Ab 
concentration in the sample. By this method, human IgG against honey bee 
venom, phospholipase A, and keyhole limpet hemocyanin were analyzed. 

20 Non-specific binding to the crystal interfered with the analyses. Lata- on the 
detection of low molecular weight components by a pre-coated crystal with 
the anti-Ab and competitive binding assay of the Ab-low molecular weight 
analyte was described. All of tiiese analyses were performed by treatmrat of 
the crystals in solution and subsequent frequracy measurements in air. This 

25 two-step solution/gas procedure allows improvement of the sensitivity of the 
resonating QCM, but introduces severe drawbacks as it introduces technical 
complications and the interf^^ce of hydration/dehydration phenomena that 
are reflected in the fiequ»cy parameters. 
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Piezodectric immunoassaying in the liquid phase has important 
technical advantages as it allows stationary and flow analysis of aqueous 
samples. The method suffers, however, from a basic physical limitation due 
to substantially lower frequency changes of the crystal as a result of Ihe 

5 solution viscosity. QCM immunoassays in solution were disclosed by 
Roederer (6). The quartz crystal was modified with glycidoxypropyltrime- 
thoxy silane (GOPS), and the suifrice-modified oystal was tfien further 
modified by anti^uman IgG antibody and thm applied for tfie pi&zx)electric 
drtection of human IgG. The detection limit of the device was determined to 

10 bel3ngml"'. 

QCM has been used also to analyze large entities such as 
microbial cells, using antibocty-coated quartz crystals. Candida albicans cells 
in flie concentration range Ixl0*-5xl0* cellsml ' were analyzed by an 
anti-Ceatdida albicans coated Ab sur&ce (7), E. coli with an anti-jE. coli 
1 5 coated sur&ce (8) and protdn A-coated crystals acted as piezoelectric sensing 
into&ce fOT various bacteria inchiding Salmonella, Shigella, Yersinia and E. 
Coli. 

REFERENCES 
20 1. Judson,F., J. ^epr«i Med, 30:269-72 (1989). 

2. Suleinan, A., et aL. Analyst, 119:2279-2282 (1994). 

3. Oliviera, JJL et al. U.S. 4,242,096 

4. Rice, TJC, U.S. 4,236,893 

5. Rice, TJC., U.S. 4,314,821 

25 6. Roederer, J£., et al. U.S. 4,735,906 . 

7. Muramatsu, H., et al. Anal Chim. Acta. , 188:257 (1986). 

8. Muramatsu, a, e/fl/.,i4nfl/. left. ^.2155 (1989). 
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GENERAL DESCRIPTION OF THE INVENTION 

It is an object of the preset invoition to provide a system, 
method and sensor for determining the presence and optionally the concentra- 
tion of cells in a liquid medium, specifically but not exclusively in body fluid 

5 samples, e.g. urine, sorum, plasma, whole blood, cerebro spinal flxiid (CSF), 
amniotic fluid, etc. 

The present invoition makes use of a piezoelectric crystal 
coated by entities, e.g. monoclonal antibodies, which specifically bind the 
assayed cells (such ratities will be referred to herein at times as "specific 

10 binding entities"). A change of mass bound to the arystal reflected by a 
change of resonance fi-equency of the crystal is indicative of the presence of 
said cells in the tested medium. In the following, the term "A/ response" will 
be used to denote a change of firequency of the s^or as the result of binding 
of a mass thereto or release of a mass tiierefiom. 

IS In accordance with the present invention, a novel system and 

method as well as sensors for use in the syston and method are provided. In 
accordance with the presort invention, the "A/ response" of the soisor is 
measured and serves for determination of the presrace and optionally the 
concentration of cells in the assayed liqiiid medium. 

20 In accordance with the first aspect of the invention there is 

provided a system for assaying cells in a liquid medium, the system compris- 
ing a piezoelectric oystal-based s^ing member^ an electric or electronic unit 
electrically connectible to tiie crystal for geno:ating a vibration inducing 
electric current causing vibrations in said crystal and for measuring its 

25 resonance fi-equency; and a vessel for holding a specimen of said Uquid 
medium and allowing contact tho^eof with said sensing member, the sensing 
member comprising a piezoelectric crystal provided with one or more metal 
plates on its surface, the metal plates having immobilized thereon specific 
binding entities, which specifically bind to an epitope on the sur&ce of said 
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cells, such that the binding of the cells to the immobilized specific binding 
entities or release of said cells fix)m the immobilized member bringing to a 
change of mass of the sensing member, resulting in a change of the sensing 
member's resonance fi'equenc^ measurable by said unit. 

5 The assay is p^formed by first providing conditions allowing 

binding of the cells to the specified binding entities. Then tiie change in 
resonance firequaicy following binding may be measured. Altematively, the 
cells are first allowed to bind to the specific binding entitles and then 
conditions are provided which cause release of said cells and then tiie change 

1 0 in fi-equency following such a release is measured. Regardless of the manner 
in which the assay is performed, the measured change in resonance frequency 
serves as an indication for the presence of the assayed cells in the assayed 
liquid medium and the extent of change s^es as an indication of the 
concentration of the cells m tiie assayed medium. 

IS In accordance witii flie second aspect of the invention there is 

provided a method for assaying presence and optionally concoitration of cells 
in a liquid medium, the method comprismg: 

(a) providing a sensing member comprising a piezoelectric crystal 
with one or more metal plates on its surfece, the metal plates having 

20 immobilized thereon specific binding entities which specifically bind to 
q)itopes on tiie sur&ce of said cells; 

(b) contacting said soising member with a specimen of said 
medium for a time and under conditions allowing binding of the cells to said 
specific bindmg entities; 

25 (c) inducing vibrations in said crystal and measuring a change in 

the resonance fi-equency as a result of either 

(ca) contact of said sensing member with said specimen. 
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(cb) contact as in (ca) and thra incubation of said s^ing 
member under conditions and for a time such that cells bound to 
said specific binding entities will be released, or 

(cc) contact as in (ca) followed by exposure of the sensing 
5 member to a sensitivity increasing agent, which is a free agent 

whidi specifically binds to an epitope on tiie surface of said cells; 
said change being an indication of presence of said cells in said medium. 
Optionally, fiie extent of the change is also monitored and 
serves as an indication of the concentration of said cells in said medium. 
10 In accordance with yet a fiirther aspect of the invcaition there is 

provided a sensing member xisefiil in the above system and method. 

The specific bmding entities, are entities \^ich specifically 
bind to an epitope on the surfece of such cells. They may, for example, be 
antibodies, particularly monoclonal antibodies, which recognize an epitope 
15 presented on the surfiace of said cells. By another example, said entities are 
lectins which specifically bind to sugar moieties on tiie surfiice of said cells. 

Occasionally, the sensing member may contain on its surface 
some non-specific binding sites which are enable of adsorption of large 
molecules, e.g. proteins. In order to block such binding sites, following 
20 binding of the specific binding entities to the sensing member, 
macromolecules, e.g. proteins, may be adsorbed to such binding sites. Such 
blocking may be adiieved, fOT example, by soaking tiie sensing member with 
bovine serum albumin (BSA), animal (e.g. fish) sraa, gelatin, casein, 
polymers, e.g. polyethyleneglycol, saccharides, e.g. sucrose, trehalose, etc. 
25 In order to caiise a piezoelectric crystal to vibrate and evratu^ 

ally reach resonance fi-equency, the piezoelectric crystal has to be subjected 
to alternating electrical field. The piezoelectric crystal used in accordance 
with the invoition is typically a planar crystal having electrodes which are 
made of an electrically conducting material and whidi typically have the form 
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of plates (rectangular, circular, etc.), attached to opposite faces of the crystal. 
The plates carrying the immobilized binding entities can function also as the 
electrodes vAndx convey the alternating electric field to the crystal. These 
plates may be selected from a variety of conducting substances, preferred 
being such which are made from or which are at least coated by a metal or 
which can chemisorb a sulphur-containing moiety, e.g. gold, platinum or 
silvCT. 

The specific binding entities may be immobilized on fte metal 
plate by means of a linking group having the following general formula (I): 



Z-R'-Q (I) 



wherein: 

Z represents a sulphur-containing moiety which is capable of 
IS diemical association with, attachment to or chrausorption onto 

said metal; 

represents a connecting groiq); 
Q is a fimctional group which is capable of forming a covalent bond 
with a moiety in the specific binding entity. 

20 

Z, may for example be a sulphur atom obtained from a thiol 
group, a disulfide group, a sulphonate group, or a sulphate group. 

B} may be a covalent bond or may be a pq>tide or polypeptide 
or may be selected fix>m a very wide variety of suitable groups such as 
25 alkylene, alkenylene, alkynylene phenyl containing chains, and many others. 

Particular examples of are a chemical bond or a groi^ 
having the following foraiulae (Ha), (lib), (He) or (Ad) 
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A 

-R'-C- -R^-NH- 

n(a) n(b) 



A 

10 -R^-N=CH-R^-C 

A B 



-R'-NH-C-NH-Ph-CH=CH-Ph-NH-C- n (d) 



15 



wherein 

orR^ may be the same or different and represent strai^t or branch 
alkylene, alkenylene, alkynylene having 1-16 carbon atoms 
or represent a covaientbcMid, 
20 AandB nmy bethesameordifEareaitandrqjrese^ 

Ph is apha^I ffovnp which is optionally substituted, e.g. by one 

or more membeci selected from flie groiq> consisting of SO3' 
oralkylgroiq)s. 

25 Q may for exan^>le be an amine groiq), enable of binding to a 

carboxyl residue; a caiboxyl groiq), enable of bindmg to an 
amine residue; an isocyanate or isoduocyanate groiq) or an 
acyl groi^ cspsblt of Innding to an amine residue; or a 
halide group cq)able of binding to hydroxy residues of t3te 

30 blading entity. Particular examples are Ihe groiq>s -NH2; 

. COOH; - N=C=S; N=C=0; or an acyl groi^ having the 

fonnula-R'-CO-G^<*erdnG is hydrogen, ahalogoi sudi 

0 

0 " 
as CI. or is OH, OR?', a || ^ groijpora (^N-0-0- 

35 -oc-^ V 

0 
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groiq>; and R** being, indqjendently a Ci-C^ alkyl or 
alkeoyl or a phenyl containing chain which is optionally 
substituted, e.g. by halogen. 

5 

Particular examples of such a linking grotq) are those of the 
following formulae (m) - (DC): 



10 



15 S-(CH2)n-NH2 



25- 



30 



35 



HS-(CH2)n-NH2 (III) 



S-(CH2)n-NH2 (IV) 



20 O 

II 

HS-(CH2)n-l^<H(CH2)n-CH (V) 



O 



S-(CH2)ii -N=CH(CH2)nrCH 

O 

1 

S-(CH2)n-l^=CH(CH2)n-C-H (VI) 



0 

HS-(CH,)n-C-0-N^ (VH) 
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S-(CH2)n-C-0-N^ 



0 
0 



(vni) 



S-(CH,)n-C-0-Np 



10 



15 0 0 

. X " A 

rCHa)n-C-0-Nj 

n 6 

20 ^ (IX) 

vdiereinn is an int^er between 1-6. 

As aiesnlt of binding of llie cells onto Hie sensor or the release 
of such cells herefrom and the respective formation or dissociation of bindii^ 

25 entities - cell complexes immobilized on tiie sensor, &ere results a change in 
total mass of the saisor vAasix in turn results in a change of resonance 
frequency. This diange Ihns provides an indication of the presence of said 
cells in the medium. The degree of change in Ifae resonance fiequency corre- 
lates widi Ifae extent of bhiding or release of said cells to or from the immobi- 

30 lized membor and is dq)endent i^on the conceotration of said cells in &e 
medium to ^^ch the sensor is esqiosed. Thus, the extent of diange in the 
resonance frequencies may be used, in accordance widi the invention, as an 
indication of fte cmcentration of said cells in the medium. 

In order to increase tiie sensitivity, use may be made livitfa 

35 sensitivity ino^ising^entsbdng auxiliary specific biiidii^ agents 

free agmts (Le. a priori non-bound) that can specifically bind to an epitope on 
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the sur&ce of said cells. In accordance with this embodiment of the 
invention, after contact of the sensing membCT with said specimen, the 
sensing member is contacted with said sensitivity increasmg agents which 
once bound to the cells increase tiie immobilized mass on the surface of the 
5 smsing member and hence increases the change in the resonance frequency. 
Such sensitivity increasing agrats may also be conjugated or complexed to 
large molecules or molecular complexes to further increase the change of 
mass. In addition, secondary auxiliary sensitivity increasing agmts may be 
provided which specifically bind to Ae first auxiliary sensitivity increasing 
1 0 agents already bound to the ceU, thus bringing to an additional mass increase. 

It is also possible in accordance with the invention to use a 
single sensor to determine the presence and optionally concaitration of more 
than one type of cell in a medium. In accordance with this multiplexing 
srasor embodiment of the mvention, the sensor is coated by a layer 
1 5 comprising more than one specific binding entity, each one being cq)able of a 
specific binding to one of the cells to be assayed When tfie specimen is 
contacted with such sensing memb^, all cells for which spedfic binding 
entities are immobilized on the sensing manber, become bound thereto. In 
order to identify the cells bound to the saising member, the sensing manber 
20 is first contacted with a first cell-specific agent which specifically binds to 
epitopes on the sur&ce of such cells, and thai a change in mass after such 
contact, measured by a change in the resonance frequency, is an indication 
that the respective cell is immobilized on the sensing member, and hence 
existed in the specimen. In ordo" to verify ftien the existence of a second type 
25 of cell, a second cell-specific binding agent is flien contacted with the sensing 
member and change of resonance frequency serves then as an indication of 
the presoice of the second respective cell in the specimen. 
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In ord^ to inarease the soisitivity of measurements perfomied 
in accordance with the multiplexing embodiment, use of the sensitivity 
increasing complexes, as described above, may be made. 

The assayed liquid medium may for example be xirine, vaginal 
5 mucous, serum, plasma, whole blood, CSF, or generally any body fluid. Cells 
which may be assayed include yeast, e.g. Candida; bacteria, e.g. chlamydia, 
mycoplasma, niceria monocytogenes and others; as well as viral particles, e.g. 
HIV.' 

The invention will now be illustrated by a description of some 
10 non-limiting specific embodiments, with occasional reference to the annexed 
drawings. 

DESCRIFnON OF THE DRAWINGS 

Fig. 1 illustrates the sequence of steps in the preparation of a gold (Au) 
15 plated piezoelectric crystal to immobilize anti-dilamydia antibodies (Abs) 

thereto to form a sensor member in accordance vntti the invention and 

subsequent use of the sensor for assaying of chlamydia m a medium; 

Fig. 2 shows time-dependrnt changes in resonance frequency of 

sensors, at different concentrations of C.trachomatis injected to the assay cell 
20 suspended in urine, witii the specific binding entity being a 

moviSi&-\^'m1i-C.trachomatis monoclonal antibody ("Ctrachomatis binding 

entity"): 

Fig. 2 A shows results firom a sensor where the ^trachomatis binding 
entity is bound to Fc-q)ecific, goat-IgCi-anti-mouse IgG-Ab immobilized on 

25 the sensor. 

Fig. 2B. shows results fix)m a soisor where the C.trachomatis specific 
binding entity is bound to an immobilized goat IgG anti-mouse IgG, F(ab')2. 

In each case the concentration of C.trachomatis are as follows: 
(a) 0.078 |ig/ml; (b) 0.26 ^ig/ml; (c) 0.78 ^g/ml; (d) 2.6 jig/ml; (e) 7.8 ^g/ml; 
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Fig. 3 illustrates a manner of increasing sensitivity in the determination 
of chlamydia in a medium; 

Fig. 4 shows additive changes in resonance frequency of a 
C/rac/joma/is-fimctionalized sensor as a function of time, upon treatment 
5 with different antibodies: (a) goat-IgG-anti-mouse IgG (Fc-specific); (b) 
mouse IgE anti-dinitrophenol; (c) mouse-IgG-anti-dinitrophMol; (d) mouse 
IgO m^'Ctrachomatis P60; (e) mouse IgG anti-C. trachomatis-MOMP 
(major outer membrane protein); and (f) mouse-IgG anti-C. trachomatis LPS. 

Fig. 5 shows sequential changes in resonance frequency of a quartz 
10 crystal functionalized for detecting ^trachomatis Ab, as a fimction of time 
upon interaction with Ctrachomatis and subsequentiy with 
mti-Ctrachomatis LPS: (a) Ctrachomatis, 2.6 jig/ml; (b) anti-C 

trachomatis^ 0.175 }ig/mL 

Fig, 6 Shows time-dqpendent dianges in resonance fi^quaicy of a 

15 quartz aystal with a sensing interfrice having inomobilized wA-Ctrachomatis 
LPS-Ab attadied to goat IgG anti-mouse-IgG, Fc-specific antibodies, 
pre-treated with 5 mg/ml BSA: (a) addition of a new BSA sample; (b) 
addition of Ctrachomatis, 0.26 jig/ml; (c) subsequent to exposure to 
chlamydial cells as in (b), exposure to anA-Ctrachomatis LPS-Ab. 0.175 

20 ^ml. 

Fig. 7 shows time-depmdent changes in resonance firequraq^ of a 
fimctionalized quartz crystal pre-&q)osed to urine upon exposure to fresh 
urine specimens that include variable concaitrations of Ctrachomatis: 
(a) 0.078 ng/ml; (b) 0.26 ^g/ml; (c) 0.78 ^g/ml; (d) 2.6 \xg/m. 
25 Fig. 8 shows time-dependent resonance frequency changes of a 

fimctionalized crystal, pre-e)q>osed to urine, upon interaction with fresh urine 
samples that include variable concentrations of Ctrachomatis and subsequmt 
amplification/confirmation of the primary analysis: (a) exposure of flie sensor 
with Ctrachomatis in urine, 0.26 \xg/m\; (b) subsequent exposure of tiie 
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sensor of (a) with anti-C trachomatis LPS-Ab, 175 pg/ml in PBS; (c) 
exposure of the s^or to C.trachomatis, 2.6 fig/ml in urine; (d) subsequent 
e)q)0sure of the sensor of (c) to anti-C trachomatis LPS- Ab, 0.175 ^ig/ml in 
PBS; (e) exposure of the smsor to a staile urine sample; (f) subsequent 
5 treatment of the soisor of (e) with the anti-C. trachomatis LPS-Ab, 0.175 
^g/mlinPBS. 

Fig. 9 shows the effect of storage time of the sensors on the resonance 
frequency changes following e?q)0sure to 0.26 ^g/ml. The electrodes were 
fimctionalized by mobilization of mii-Qtrachomatis antibodies by two 
10 different routes: by goat-IgG-anti-mouse-IgG antibodies (filled circles); and 
by fragmented F(ab')2 anti-mouse IgG-antibodies (filled squares). 

DETAILED DESCRIPTION OF THE INVENTION 
Experimental setup and procedures: 

15 (Quartz crystals sandwiched between two gold (Au)-electrodes, 

are the preferred smsors of the presait invention. All measurements described 
below WCTe perfbmied using 9 MHz quartz piezociystals (QPC) (AT cut type) 
covered with a lay^ (ca. 0.2 cm^) consisting of sputtered gold (ca. 3000A) on 
a titanium (Ti) substrate (ca. 500 A) (Seiko EG&G). The frequency 

20 measurraients were poformed using a Quartz Crystal Analyzer (model 
QCA917, Seiko EG&G) linked to a personal computer. To fimctionalize the 
SOTSor, first it is cleaned by treatment with HCl consisting of a first soaking 
for two minutes in 1 M HCl solution, then after rinsing and drying, qjplying 
50 |il concentrated HCL on the gold surfrices for two minutes followed by 

25 rinsing. 

the sensing interfiices for sensing ^trachomatis may be 
prq>ared as schraiatically outlmed in Fig. 1: a q/stamine monolayer is 
assembled on tiie Au-electrodes associated witii the quartz crystal by 
treatment of the crystal, in a test-tube, with a 0.02 M aqueous solution of 
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cystamine dihydrochloride for two houis. The resulting electrode is then 
rinsed with ethanol and water. In the next step, the monolayer-modified 
sensing surfeces are reacted wifli a PBS (phosphate buffer saline) solution, 
(137 mM NaCl, 2.7 mM KCl, 10 mM Na2P04 , 1.8 mM KH2PO4, pH=7.4) 
5 that includes 2mM Sulfosuccinimidyl-4-(p-maleimidophenyl) butyrate 
(sulfo-SMPB), for one hour, thus the sulfo-SMPB is covalently linked to the 
base cystamine monolayer. The surfece densities of tiie (^stamine 
sub-monolayer and sulfo-SMPB can be detennined by following the aystal 
resonance firequaides at eadi modification step and the application of the 
10 Sauerbrey relation. The resulting fimctionalized crystal is finther modified 
by linking cysteine residues of anti-mouse IgG Ab or of fiagmraited F(ab')2 
anti-mouse IgG Ab to the maleimide residues on the monolayer, by two alter- 
native routes: (a) The electrodes are reacted with polyclonal goat IgG 
anti-mouse IgQ, or (b) the electrode are reacted with fiagmented polyclonal 
15 goat IgG anti-mouse IgG, FCab^ These modifications arc carried out by the 
interaction of the electrode with 17 ^g/ml of the respective antibodies m 50 
mM HEPES buffear solution fbst included 10 mM EDTA, pH=6.5, for 30 min- 
utes. The resulting antibody fimctionalized mteriaces are rinsed with PBS 
buffer solution and fiirther treated with 1.7 jig/ml mouse-IgG-anti-C. 
20 trachomatis LPS (lipopoly-saccharide) antibody in PBS solution for 30 
minutes, to yield the active soising inter&ce. The Fc fiagment of the latter 
antibody binds to the IgG base layer. Monitoring and verifying die addition 
steps can be performed by following Ae equivaloit frequency changes of the 
crystal. 

25 The assranbly of Ae layered soising inter&ce prepared as 

above was characterized experimentally by following the crystal resonance 
fiequoicy dianges aflar each modification step. Table 1 below summarizes 
typical vahies of the crystal fiequoicy changes at the differrait steps of 
modification upon assembly of the mti-C.trachomatis Ab to the anti-mouse 
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IgG-Ab or the F(ab')2 fragmented anti-mouse IgG-Ab. The surfece coverage 
of tiie difBa^nt components are also included in the Table. It should be noted 
that these fiequency changes are only representative values and some 
deviations can be expected, especially for Ihe primary two layers of cystamine 
5 and sulfo-SMPB, due to differences in the rou^ess of tiie Au-electrodes. 

Table 1: typical resonance frequency changes (A!) of quartz 
crystals upon stepwise assembly of the components 
in the sensing interfaces and the respective calcu- 

iO 

components'^ 



Modification st^ 


Sensing intorface''^ 


Sensing Interface*^^ 


Af(Hz) 


a (mol'On"^) 


Af(Hz) 


o(mol-cm'^) 1 


Cystamine 


-202 


7.562 10' 


-195 


7300"' 


Sulfo-SMPB 


-105 


231510-' 


-95 


2.095 10'' 


Untreated anti-mouse IgG Ab 


-105 


4.0- lO-*^ 






F(ab')2 anti-mouse IgQ 






-89 


5.M0-'^ 


AnH-Ctrachomatis Ah 


-63 


2.410'^ 


-74 


2.810-'^ 



Calculated using Equation 1. 

Srasing intorfece consists of the goat IgG anti-mouse 
IgG, Fo-specific, Ab as subhQrcr. 

Saising interfece consists of the goat F(ab')2 
anti-mouse IgG Ab as sublaya. 



For assaying, the resulting soisor units are mounted in an assay 
cell, and tiie cell is Hieti ready to be filled wifli tiie test solution. The crystal is 
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allowed to stabilize to a constant resonance frequency typically ±1 Hz. 
Samples of C trachomatis in PBS of variable concratrations are injected into 
the cell and the crystal frequency changes can be monitored as a function of 
time. 

5 

Different manner of immobilization of znH-Otrachomatis antibodies on 
the sensors: 

C trachomatis samples suspended in urine were injected into 

10 the assay cell. The Ctradwrnatis-mod^eA crystals were then rinsed with the 
PBS buffer, 10 ml, 2 ml/min. Fig. 2 shows the frequency changes of crystals 
tailored by the two methods upon interaction of the electrode with difira:ent 
concentrations of Ctrachomatis. In tiiese e>q)eriments, the electrodes are 
consecutively treated with increased concentrations of C. trachomatis. 

15 Fig. 2A shows the r^onance frequency changes of a sensor having 
mti-Ctrachomatis antibody immobilized onto the whole anti-mouse IgG 
antibody layer. Fig. 2B shows the resonance frequency changes of a sensor 
having w&-C.trachomatis sensing layer inamobilized onto a fragmented 
F(ab')2 anti-mouse Ig(j layer. In both systems, as the concentration of the 

20 bacteria increases, tiie frequency of the crystal decreases, implying the 
association of ^trachomatis to the smsing interfece. For example, for the 
sensor with immobilized anA-Ctrachomatis antibodies, in the presence of 
bacteria at a concentration of 0.26 and 2.6 ^ig/ml, tiie crystal frequency 
changes after 350 sees, is Af = -6 Hz and Af = -34 Hz, respectively (Fig. 2A); 

25 for the sensor with immobilized fragmented noA-Ctrachomatis antobidies, 
the correspondmg values are Af = -5 Hz and Af = -32 Hz, respectively 
(Fig. 2B). The r^ponse-time for the detection of the bacteria is ca. 350 sec. 
and is defined as the time after which the crystal frequency levels off at low 
concentrations of Ctrachomatis. 
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Means for increasing sensitivity of the invention without sacrificing 
specificity: 

5 In order to ino^e the srasitivity of the s^or, botii with 

respect to a minimal amount of cells to be assayed, as well as to improve tiie 
sensofs diflferOTtial response to differait concentrations of the assayed cells, 
additional steps can be implanented. This may be achieved by utilizing free 
specific binding agents, e.g. specific anti-cell antibodies as illustrated in 
10 Fig. 3. As shown in Fig. 3, after a step allowing bindmg of cells, 
^trachomatis in the specific example, the srasor is exposed to free specific 
binding agents, which are free mH-Qtrachomatis LPS antibodies in the 
specific example, and followmg such exposure, sudi antibodies bind to the 
cell and increase the immobilized mass. The saisitivity increase confenred by 
15 such antibodies (hereinafter, "sensitivity increasing antibodies'% can fiirther 
be increased by secondary saisitivity increasing antibodies which bind to the 
first sensitivity inoreasing antibodies. Sudi increase in sensitivity is 
demonstrated in tiie following expedmmt 

The anti-C. trachomatis antibodies [anti-LPS, anti-P60 or 
20 anti-MOMP (major outer membrane protein)] were injected into the assay 
cell, at 0.175 ^g/ml, and the crystal's resonance frequency changes were 
followed as a fimction of time. The anti-C trachomatis fimctionalized elec- 
trodes were treated, after rinsing, witii the polyclonal, Fc-specific, goat 
IgG-anti-mouse IgQ, 0.175 |ig/ml, to obtain finther amphficafiort The crystal 
25 frequencies were monitored as a fimction of time to foUow the association of 
the antibodies. 

Fig. 4 shows the resonance frequracy changes of the sensor 
after exposure to CtrachomatiSy 2.6 fig/ml, followed by treatment with a 
variety of potential srasitivity increasing antibodies: goat anti-mouse IgG 
30 (curve a), mouse IgE anti-dinitrophmol (curve b) and mouse IgG 
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anti-dinitrophraol (curve c). The crystal fiequraicy changes of the 
C.trachomatiS'tno^&cd surface in the presence of three different 
m^-Chlamydia monoclonal antibodies, are shown: anti-P60 (60 kD 
membrane protein) (curve d), anti-MOMP (curve e), and anti-C. trachomatis 

5 LPS (lipopolysaccharide) (curve £). With the unrelated IgG and IgE, 
anti-dinitrophmol antibodies and the anti-mouse IgG antibody, no frequency 
changes were observed (curves a, b and c). These latter control e:q>erimCTts 
clearly indicate that the base layer of the anti-mouse IgG is saturated with the 
m\i-C.trachomatis Ab and no foreign IgG binds to the surface. The secondary 

10 anti-C. trachomatis antibodies caused a frequency deo-ease of the crystal, 
meaning that these antibodies bind to the immobilized C trachomatis cells. 
Thus, the interaction of the antibodies with the sensing interface that was 
previously exposed to Ctrachomatis provides a confirmatory test for the 
initial association of the cells to the monolayer. 

15 Fig. S shows the resonance frequency changes of the sensor 

pre-exposed to the bacteria vpon cxposvacc to mH-C.trachomatis LPS 
antibodies (curve a), and after subsequent exposure to goat anti-mouse IgG 
antibodies (curve b). Exposure of the sensor to the anti-LPS antibodies results 
in a resonance frequency change of Af = -16 Hz. The subsequent e3q>osure 

20 yields an additional decrease in tiie aystal's resonance frequency (curve b) of 
M = -18 Hz, implying that this secondary soisitivity inoeasing antibody 
binds to the anti-LPS. Tliese results clearly indicate that the anti-LPS, being 
an IgQ antibody, does not associate to a defective sublayer site but interacts 
with the bacteria antigen. This interaction yields the e?q>osed Fc site of the 

25 IgG-Ab that permits the secondary binding of goat anti-mouse IgG-Ab. This 
succession provides an added advantage in tiiat in addition to amplification of 
the response of die initial binding of C. trachomatis to the sensing interfrice, 
tiie cumulative frequency decrease observed provides also a built in 
continuation of the assay structure of the sensing mechanism. 
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Sensitivity towards non chlamydial protein: 

Although the wSOrCtrachomatis sensing inter&ce is unaffected 
by foreign proteins such as cytochrome oxidase, cytochrome C or glucose 

5 oxidase, it was found that th^e may occur some non-specific binding to the 
sensing sur&ce by proteins such as BSA. Interaction of the electrode with 
BSA at 5 ^g/ml results in a firequmcy diange of ca. -100 Hz due to 
non-specific adsorption of the protein to the sur&ce. The BSA-treated sensing 
surfiu^e is, however, not fiirther influenced upon mteraction witii BSA, but 

10 reveals the original afBnity for C.trachomatis, Fig. 6 shows the frequency 
changes of the crystal pre-treated with BSA upon interaction with a new BSA 
sample (curve a) and x^on treatmait with Ctrachomatis 0.26 |ag/ml. The 
BSA does not infiumce die crystal frequmcy, but die antigra-bacteria results 
in a fiequency decrease, Af -6 Hz, implying the association of die anatyte 

IS antigod to the sur&ce. Thus, the treatment of the sensing inter&ce with BSA 
results in the non-specific adsorption of the protein, but blocks a further 
non-specific adsorption phmomena. The BSA-blocked inter&ce, howev^, 
retains its afBnity for saising Ctrachomatis. 

As an altomative manufacturing tedbnique for specific soising 

20 interfaces, such non-specific adsorption is impeded by introducmg an extra 
stq) witiiin the process of prqjaring of the electrodes: the anti-C. trachomatis 
LPS Ab is associated to the bare antibody layer in the presence of BSA at S 
mg/ml (see Fig. 1). The resulting sensmg intor&ce is unaffected in tiie 
presence of BSA but reveals analogous activity for sensing C. trachomatis. 

25 Fig. 6 (curve c) shows die resonance fi^quency changes of a BSA pre-treated 
electrode after-treatment with Ctrachomatis at 0.26 fig/ml and subsequent 
incubation with the mA-Ctrachomatis LPS Ab. The observed fiequmcy 
decrease confirms die primary association of die antigen-bacteria to the 
sensing interface and amplifies the transduced signal. 
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Measurements in urine environment: 

A prefored embodiment of the invention is aimed at detecting 
the chlamydia in nrine samples. The perforaiance of the sensor in a real urine 

5 sample was examined. The BSA-treated sensors were treated with 
^trachomatis free urine. This results in a frequency change of the crystal of 
ca -50 Hz due to ttie non-specific association of the urine ingredients. The 
resulting probes were insensitive towards additional pure urine specimens but 
revealed activities in sensing the specific cells m urine samples. Inactivated 

10 Ctrachomatis bacteria were dispersed in urine and the crystal was challenged 
with different cell concentrations in xirine. Fig. 7 shows the responses of the 
sensor in the presence of diffarait samples of urine containing variable 
concentrations of Chlamydia cells. The crystal frequency decreased as the 
concOTtration of the Ctrachomatis in the analyte sample inaxases. It is 

15 noted, howevCT, that the extent of frequaicy decrease is substantially lower 
than the values observed vAi&Ol the antigen was dissolved in a pure PBS buff^ 
solutioiL For exanople, in the presence of Ctrachomatis at concmtrations 
corresponding to 0.26 and 0.78 mg/ml, the frequencies changes of the 
electrode in urine are -1 and -9 Hz, \^ereas in PBS solutions, the frequency 

20 changes are -6 and -17 Hz, respectively [cf Fig. 3(A)]. This implies that the 
s^itivity of the probe decreases in the presence of iirine. 

The decrease in the frequmcy responses of the aystal in the 
presmce of urine could be attributed to viscosity changes of the urine sohition 
vMcti opposes tiie frequency changes induced by tiie mass changes occurring 

25 on the crystal. To overcome this difficulty, and to retain the sensitivities 
obsaved in the PBS buffer solution, the confirmatory test that involves the 
free antigen-LPS Abs and the measuremrat poformed with urine were 
combined. In this Gxpema&xt, the sensing inter&ce was interacted with 
Ctrachomatis containing urine to yield the low frequracy change as 
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disciKSsed above. After association of the antigen bacteria to the sensing 
interfece, the cell was rinsed with PBS buffer. The anti-LPS Ab was then 
injected to the cell and the high-value frequency change as a result of tiie 
association of the antibody to Ctrachomatis in PBS was observed. Fig. 8 

5 shows the crystal frequency changes upon interaction of the sensing interface 
with urine containing Ctrachomatis at concentrations corresponding to 0.26 
jig/ml and 2.6 jig^ (curves a and c, respectively). With the sample 
containing 0.26 iig/ml of the antigen-bacteria, a v&ry low frequency change, 
Af = -2 Hz, was observed. Upon rinsing the assay cell with the PBS buffer 

10 solution and treatment of the electrode with the anti-LPS antibody, high 
frequency changes of the electrode were observed. For the systems that were 
interacted with urine containing Ctrachomatis^ 0.26 and 2.6 pg/ml frequency 
changes of Af = -5 Hz (curve b) and -15 Hz (curve d), respectively were 
observed after rinsing with PBS buff^ and interaction with anti-LPS Ab, 

15 respectively. Fig. 8 (curve e) shows the response of the sensmg interfece 
upon exposure to a C.trachomatis-&GG urine, and curve f shows ih& response 
of the electrode after rinsing with the PBS buffer solution and injection of the 
anti-LPS Ab. No frequency changes in the electrode response are observed 
consistent with tiie feet that no bacteria were presrat in the analyzed sample. 

20 Thus, the recommraded protocol for the analysis of 

Ctrachomatis involves the interaction of the sensing intafiice with the 
analyte urine sample followed by rinsing of the assay cell with a PBS buffer 
solution and then introduction of the anti-LPS antibodies. A resonance 
frequency change of ca Af = -5 Hz in the second step should be considered as 

25 a positive indication for the presence of the antigen bacteria in the urine 
sample at a concmtration of ca. 026 |ig/ml. 
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Stability of the sensors under storage conditions: 

The perfoimance of two types of immobilization of the 
anti'Ctrachomatis to the sensing intefaces, namely, linkage of the antibody 
to the goat anti-mouse IgG antibody, or association to the f(ab')2-fragmented 

5 goat anti-mouse IgG antibody (of. Fig. 1), were examined as a function of 
storage-time. The electrodes were stored in sealed vials at 4°C for different 
daiotations. Fig. 9 shows the resonance frequency changes of the sensors in 
the presOTce of Ctrachomatis 0J26 ng/ml, as a fimction of the sensors' 
durations of storage. The srasors having a base layer of whole goat 

10 anti-mouse IgG antibodies exhibit a degradation with time, whereas the 
electrodes whore the base antibodies are fragmrated F(ab')2 goat anti-mouse 
IgG antibody reveal unaltoed activity for a period of 90 days of storage. 

Mixed type probes: 

15 This specific probe may be used in cases where more than one 

microorganism may be a potential cause of a given infection. Sudi a probe 
carries on its surfece a plurality of specific binding entities, each one specific 
for one of the cells to be assayed, e.g. one entity being a specific for 
Chlamydia and the other being specific for K Gonorrhoeae. A urine 

20 specimen, by a i^pecific example, is then ccmtacted with the probe. If both 
types of ceils exist in a specimen, thai both such cells will become 
immobilized on the probe. This will ^e rise to a change of mass, and by 
measuring the Af response indication of binding of cells to the probe will be 
provided. Then there remains the problem of identifying which of the cells 

25 exists in the sample, i.e. whether only E. ColU or only Chlamydia or both. 
This may first be achieved for example by a sequential exposure of the probe 
first to a firee specific binding agent whidi specifically binds to one of such 
cells and then to a second firee specific binding %ent which specifically binds 
to the otiier of sudi cells. Such a^t may for example be a monoclonal 
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antibody or lectin. A result of binding of such an agent to the cells, th^ is an 
increase in mass which is tiien measured by the resulting Af response. 
Obviously, the sensitivity of such a measurement can be increased by 
complexing such an agent either prior to contact witii the probe or after 
5 allowing binding, with a large molecule or a complex of molecules which 
thus induces a more pronounced mass change. 

At the next step, the probe may be contacted with an agrat 
which specifically binds to Ae other cell and thm a mass diange is measured 
in a similar manner as that desmbed above. 
10 If the first step in the above sequmce does not give rise to 

change in mass this may serve as an indication that the cells which became 
immobilized on the probe were the second type of cells. If there is a change 
of mass only afta: the first step in the above sequence and not after the 
second,thisisanindicationthatonlytiie first type of cells in the specimen. If 
15 there is a change of mass after both steps in the sequence, this is an indication 
that bofti cells existed in the specimm. 
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CLAIMS: 

1. A system for assaying cells in a liquid medium, the system 
comprising a piezoelectric crystal-based sensing member, an electric or 

5 electronic unit electrically connectible to the crystal for generating a vibration 
inducing electric current causing vibrations in said crystal and for measuring 
its resonance frequency; and a vessel for holding a specimai of said liquid 
medium and allowing contact thweof with said sensing member; the sensing 
mmiber comprising a piezoelectric crystal provided with one or more metal 

10 plates on its surfece, tiie metal plates having immobilized thereon specific 
binding entities, which specifically bind to an epitope on the surfiice of said 
cells, such that the binding of the cells to the immobilized specific bmding 
entities or release of said cells fix)m tiie immobilized member bringing to a 
change of mass of tiie s^ing monber, resulting in a change of the sensing 

1 5 member's resonance frequency measurable by said unit 

2. A system according to Claim 1, wherein non-specific protein 
binding sites on the surface of the sensing member are blocked by a protein 
adsorbed thereto. 

3. A systrai according to Claim 2, wherein said protein is bovine 
20 serum albumin. 

4. A systCTi according to any one of Claims 1-3, said cells are 
chlamydia and said aqueous medium is urine. 

5. A system according to any one of Claims 1-3, herein said 
specific binding entities comprise binding ratities specific for two or more 

25 types of cells. 

6. A system according to any one of Claims 1-5, wherein said 
specific binding entities are antibodies or firagments thareof which retain the 
binding specificity of the antibodies. 
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7. A system according to Claim 6, wherein said antibodies or 

fragments are immobilized by means of additional antibodies winch 
specifically bind said antibodies or fragmrats, immobilized on die sur&ce of 
said metal plates. 

5 8. A system according to any one of Claims 1-7, comprising a 

sensitivity increasing agent, being free agents which specifically bind to said 
cells, which are added into said vessel after contact of the sensing member 
with the assayed specimen. 

9. A method for assaying presence and optionally concentration of 

1 0 cells in a liquid medium, die mediod comprising: 

(a) providing a sensing member comprising a piezoelectric crystal 

with one or more metal plates on its surface, the metal plates having 

immobilized thereon specific bmding entities which specifically bmd to 

epitopes on the surfru:e of said cells; 
15 (b) contacting said sensing member with a specimen of said 

medium for a time and under conditions allowing binding of the cells to said 

specific binding ratities; 

(c) inducing vibrations in said crystal and measuring a change in 

the resonance frequency as a result of either 
20 (ca) contact of said sensing member with said specimen, 

(cb) contact as in (ca) and thai incubation of said saising 
memb^ under conditions and for a time such that cells bound to 
said specific binding mtities will be released, or 

(cc) contact as in (ca) followed by e?q)osure of the sensing 
25 memba: to a sensitivity inareasing agent, which is a fi^ agent 

which specifically binds to an epitope on the sur&ce of said cells; 
said change being an indication of presence of said cells in said medium. 
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10. A mettiod according to Claim 10, wherein the extent of said 
change serves as an indication of the concentration of said cells in said 
medium. 

11. A method according to Claim 9 or 10, wherein said cells are 
5 chlamydia and said liquid medium is urine. 

12. A method according to any one of Claims 9-1 1, wherein said 
specific binding entities comprise two or more binding entities, each specific 
for a different cell. 

13. A sensing monber for use in assaying presence of cells in a 
10 liquid medium comprising a piezoelectric crystal electrically connecdble to a 

unit for inducing vibrations in the crystal and for measuring its resonance 
frequency, the piezoelectric crystal provided with one or more metal plates on 
its surface, the metal plates having immobilized thereon specific bindmg 
entitiK, which specifically bind to an epitope on the surfece of said cells, such 
15 that the binding of flie cells to the immobilized specific binding mtities or 
release of said cells fix)m the immobilized manber bringing to a change of 
mass of the sensing member, resulting in a change of the sensing mraiber's 
resonance firequency measurable by said unit 

14. A sensing member according to Claim 13, whraein non-specific 
20 binding sites on said metal plates are blocked by proteins absorbed thereto. 

15. A sensing member according to Claim 14, wherein said protein 
is serum albumin. 

16. A sensing mraiber according to any one of Claims 13-15, 
wherein said specific binding entities specifically bind to an epitope on the 

25 sur&ce of chlamydia cells. 

17. A sensing member according to any one of Claims 13-15, 
wherein said specific binding entities comprise binding entities specific for 
two or more types of cells. 
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18. A sensing memb^ according to any one of Claims 13-17, 
v^^erein said specific binding ratities are antibodies or fragments thereof 
which retain the binding specificity of the antibodies. 

19. A sensing membCT according to Claim 18, wherein said 
5 antibodies or fi-agments are immobilized by means of additional antibodies 

which specifically bind said antibodies or fragments, immobilized on the 
sur&ce of said metal plates. 



wo 98/40739 



1/10 



I 






+ 




CM 


CM 


Csl 


X 


X 


X 


z 


z 




CM 


CM 


CM 








CM 


CM 


CM 



XXX 

0 o o 

CO CO CO 

1 I I 



I 



CM 

X 

z 

CM 
CM 

X 

o 

CO 
I 



c 



CO 

o 



^ T3 CO 

^ 2^ 

X -5^ 

CM ©fe 

X 3 3 

z 

+ 





£ (0 

CO ^ 

CO CD 

^ -C 

u. ^ 

O 1^ 

Q) O 

O 



I 





I 

o 




CM CM CM 
XXX 

o o o 

CO </) CO 
I I I 



CM 


o 


CM 


CM 


o 


CM 


X 


I 


X 


X 




X 


z 




z 


z 


z 


z 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


N 


CM 


X 


X 




X 


X 


X 


o 


o 


o 


o 


o 


o 


CO 


CO 


CO 


CO 


CO 


CO 


1 


1 


1 


1 


i 


1 



wo 98/40739 



PCraL98/00119 




wo 98/40739 



PCT/IL98/00119 



3/10 




Af/Hz 



WO98M0739 



4/10 



PCTAIL98/00119 



t 




COnj-» 





CO 

■ 

O) 



wo 98/40739 



PCT/IL9a/e0119 



5/10 




Af/Hz 



wo 98/40739 PCTAIL98/D01 19 

6/10 




Af/Hz 



wo 98/40739 



PCT/IL98/00119 




Af/Hz 



wo 98/40739 



PCrr/IL98/D0119 



8/10 



CO ^ O 13 




CMOCjI^COOpOCMJ 

I I I 



Af/Hz 



wo 98/40739 



PCT/IL98/00119 



9/10 




Af/Hz 



wo 98/40739 



10/10 



PCTm^8/00119 




Af/Hz 



INTERNATIONAL SEARCH REPORT 



Into oiwl Application No 

PCT/IL 98/00119 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 G01N33/543 G01N27/327 



According to tntetnattonai Patent Classiricalbn(IPC) of to both national ctessHication and IPC 



B. FIELDS SEARCHED 



Miramum documentation seaiched (dasstfication system foQowed tiy dassification $yntx>ls) 

IPC 6 GOIN C12Q 



Documentation searched other ttian minimum document 



Bectionic data tiase oonsutted during the ntemational search (name ol data t>ase and. where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Categoiy'* atatkm of document wtth lndk»tioa where appropriate, of the relevant passages 



Relevartf to claim No. 



wo 95 32427 A (COOPER UNION FOR THE 
ADVANCEME ; LARUE REBECCA A (US)) 30 
November 1995 

see page 22, line 23 - page 23, line 12 

WO 94 24561 A (NILSSON KURT ;MANDENIUS 
CARL FREDRIK (SE)) 27 October 1994 
see page 2 - page 3 

KONIG B ET AL: "A NOVEL IMMUNOSENSOR FOR 

HERPES VIRUSES" 

ANALYTICAL CHEMISTRY, 

vol. 66, no. 3, 1 February 1994, 

pages 341-344, XP000434602 

see abstract 



-A 



I, 4,6,9. 

II. 13. 
16,18 



1.9.13 



1.9,13 



Further documents are listed in the oontimjation of t>ox C. 



ID 



Patent family memt>ers are listed in annex. 



* Special categones of died documents : 

-A" document defintng the general slate of the art which is not 

considered to t)e of particular retovanoe 
"E* eartier document tHit published on or after the International 

ntingdate 

V docurnerit vvfvch rnay throw doubts on priority dairn(s) or 
which is dted to establish the pubticationdate of another 
diation or other special reason (as specified) 

Xy document referring to an oral dedosure. use. exhibUonor 
other means 

"P' document published prior to the inteinattonal filing dale but 
later than the piiority data claimed 



T* later document published after the international liiing date 
or priority date arxj not in oonflid with the appfication tnA 
cited to understand the principle or theory underlying the 
invention 

"X' document of particular mievance: the claimed invention 
cannot be considered novel or cannot be consi(tered to 
involve an inventive step when ttte document is taken alone 

"Y' document of partial relevance; the claimed inventton 

cannot be considered to trrvolve an inventive step when the 
document is combined with one or more crther such docu- 
ments, such combinaUon being obvious to a person skilled 
in the ait 

document member of the same patent family 



Date ot the actual completion of thtintemattonat search 



28 July 1998 



Date of maiing of the international search mporl 



12/08/1998 



Name and maiing address of the ISA 

European Patent Offloe. P.a 581 B Patentlaan 2 
NL-2280HVRqsw|k 
TeL (^1-70) 340-204a Tx. 31 651 epo nl. 
Fax: (+31-70) 340-X16 



Authorized officer 



Moreno, C 



PCTASACIO Oeeend choeO (Jk4y 1 992) 



page 1 of 3 



INTERNATIONAL SEARCH REPORT 



lnt» «(ul AppUeaUon No 

PCT/IL 98/00119 



C^ContimiaUan) OOCUMENIS CONStOEREO TO BE RELEVANT 



Categoiy ' 


Citation of document, with in(ication,¥ft)efe appropriate, of the retevant passages 


Relevant to daim No. 


X 


KOESSLINGER C ET AL: "A QUARTZ CRYSTAL 
BIOSENSOR FOR MEASUREMENT IN LIQUIDS" 
BIOSENSORS & BIOELECTRONICS, 
vol. 7. 1 January 1992, 
pages 397-404. XP000195588 
see abstract 


1.9,13 


y 

A 


u MllRAMAT^II FT Al - "Plpzoelectrlc 

crystal biosensor system for detection of 

Escherichia coll." 

ANALYTICAL LETTERS, 

vol. 22, no. 9, 1989, 

pages 2155-2166, XP002072259 

cited In the application 

see abstract 


1.9.13 


V 

A 


U MIIPAMATCII PT Al ■ ''Pi o7nal orirlp Inmilinil 
n. nUi\ArlAljU LI HL . r 1 tr^uc i cfv*Li IC lilliiiuiiu 

sensor for the detection of Candida 

albicans microbes." 

ANALYTICA CHIHICA ACTA, 

vol. 188, 1986, 

pages 257-261, XP002072260 

cited In the application 

see abstract 


1 9 13 


X 


A, A. SULEIMAN & G. GUILBAULT: "Recent 

developments In piezoelectric 

immunosensors." 

ANALYST (CAMBRIDGE, U.K.), 

vol. 119, no. 11, November 1994, 

pages 2279-2282, XP002072261 

see Lne wnoie Qocunicnt 


1.9.13 


X 


B. KONIG & M. GRATZEL: "A piezoelectric 
imraunosensor for hepatitis viruses." 
ANALYTICA CHIMICA ACTA, 
vol. jU!7 , no. 1 o, 1^17 3 y 
pages 19-25, XP002072262 
see abstract 


1,9.13 


A 
n 


un Q7 M'Wd A fYTSSUM RES DEV CO -UILLNER 
ITAHAR (ID; LEVI SHLOMO (IL); COHEN YA) 6 
February 1997 
see claims; examples 


1,9.13 


A 


US 4 735 906 A (BASTIAANS GLENN J ET AL) 

5 April 1988 

see claims; examples 


1.9.13 


A 


US 5 135 852 A (EBERSOLE RICHARD C ET AL) 

4 August 1992 

see the whole document 


1.9.13 


A 


EP 0 451 687 A (MILES INC) 16 October 1991 
see the whole document 

~ -/- 


1.9.13 



FixmPCT/SAS10(oGntnialknoJ second stwet)U^ 1992) 



page 2 of 3 



INTERNATIONAL SEARCH REPORT 



Irtte *onal Application No 

PCT/IL 98/00119 



a(Cofltintiatk»n) DOCUMENTS CONSIDERED TO BE RELEVANT 



Categoiy ' Citation ol doctiment with tmScation, where appropriate, ol the relevant passages 



Refevam to claim No. 



us 5 516 638 A (URNOVITZ HOWARD B 
14 nay 1996 

see the whole document 



ET AL) 



P.X 



P.X 



P.X 



I. BEN-OOV ET AL: "Piezoelectric 
Inrnninosensors for urine specimens of 
Clamydia trachomatis employing quartz 
crystal microbalance micrograviraetric 
analyses. " 

ANALYTICAL CHEMISTRY,. 

vol. 69. no. 17, 1 September 1997, 

COLUMBUS US, 

pages 3506-3512, XP002072263 
see abstract 

J. YE ET AL: "Piezoelectric biosensor for 

detection of Salmonella typhimurium" 

JOURNAL OF FOOD SCIENCE. , 

vol. 62, no. 5, May 1997, CHICAGO US, 

pages 1067-1071, XP002072264 

see abstract 

E. UTTENTHALER ET AL: "Quartz crystal 

biosensor for detection of the african 

swine fever disease." 

ANALYTICA CHIMICA ACTA, 

vol. 362, no. 1, 1998, 

pages 91-100, XP002072265 

see abstract 



1.9.13 



1-19 



1.9.13 



1.9.13 



Fbcm PCT/lSAieiO (eentnotian ol MCflnd shMO <Aiy inZ) 



page 3 of 3 



INTERNATIONAL SEARCH REPORT 



Intr 'anal Appileatlon No 

PCT/IL 98/00119 



Da font Hctf^imAnt 




Publication 


Patent family 


Publication 


Cited in search report 




date 


memt>er(s} 


date 


WO 9532427 


A 


30-11-1995 


lie 




06-01-1998 








jp 


10504100 T 


14-04-1998 


UO 9424561 


A 


27-10-1994 


EP 


0648333 A 


19-04-1995 




A 


(^f^^(^9^^ qq7 


AU 


6317896 A 


lo-OZ-1997 








EP 


0843816 A 


0*7 AC "1 nno 

^/-Ob-1998 


US 4735906 


A 

n 


uD UH 1 if Oo 


NONE 








A 
n 




CA 


2064188 A 


OC A1 1AA1 

^0-01-1991 








DE 


69003535 D 


28-10-1993 








DE 


69003535 T 


10-02-1994 








OK 


484384 T 


29-11-1993 








EP 


0484384 A 


13-05-1992 








ES 


2060189 T 


16-11-1994 








JP 


4506898 T 


03-12-1992 








wu 


Q1A1001 A 


07-02-1991 


EP 0451687 


A 


16-10-1991 


CA 


2035646 A 


13-10-1991 








JP 


4230861 A 


19-08-1992 


US 5516638 


A 


14-05-1996 


AU 


5611494 A 


08-06-1994 








EP 


0670042 A 


06-09-1995 








JP 


8503302 T 


09-04-1996 








UO 


9411736 A 


26-05-1994 



foan PCT/ISAO10 (pilanl tamly annex) puly 1992) 



